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No subject of recent years has been before the medi-
cal world more prominently than the opsonic theory and
inoculation with bacterial vaccines, and we must earn-

estly consider whether or not such an interest is justi-
fied. To reach a right conclusion we must view the
whole subject from at least two standpoints: the one is
that of the opsonic theory and the other that of the
therapeutic inoculation with bacterial vaccines. Let us
first review very briefly the theory and then devote most
of our attention to the results achieved by inoculation
with vaccines.

Opsonins are substances not yet isolated, but known
to exist in the blood, whose function it is to unite with
bacteria and prepare them for the leucocytes to attack
and destroy. Without such preparation the fastidious
leucocytes refuse to ingest bacteria, and so this defensive
power of the organism is in abeyance. One of Wright's
discoveries was this fact, and a second was a technic by
which we are enabled to measure the quantity of opson-ins in a given blood. The result of such measurement
is expressed as the opsonic index. If, therefore, we say
that a patient, the subject of tuberculous glands, has an

opsonic index of 0.5 to the tubercle bacillus, we simply
mean that his blood contains but one-half the normal
quantity of those opsonins which are essential to com-

bating the infection of the tubercle bacillus.
Such an observation is of great scientific interest,

but as practical physicians we want to know its applica-
tion to the treatment and diagnosis of disease. The
question, therefore, is, given a low opsonic index in the
course of a chronic bacterial infection, how can we raise
that index and relieve or cure our patient? Wright
provided the solution of this problem and gave us bac-
terial vaccines.

By a bacterial vaccine is meant "bacteria or their
products." In actual practice we use bacteria grown in
culture-tubes and then devitalized. The principle in--
volved in therapeutic inoculation is that a vaccine, con-

sisting of devitalized bacteria of the same strain as that
responsible for the patient's infection, should be admin-
istered by subcutaneous injection in correct doses at
appropriate times. It is in this connection that the
measurement of the opsonic power of the blood aids us,
and, without elaborating the argument, permit me to
state as my belief that the study of the opsonic power
of a patient's blood does enable us to judge the proper
dose of a vaccine and the appropriate time for inocula-
tion and reinoculation.

The principle of bacterial vaccination may be brought
home to our minds by an example or two. If we have
to treat a patient with boils'due to infection by the
Staphylococcus pyogenes, we will grow the staphylococ-
cus, kill it and inoculate our patient with a proper dose
of this dead culture. If our patient has tuberculous
glands, we will inoculate him with new tuberculin
(Bacilli emulsion), which consists of devitalized tuber-
cle bacilli. The principle holds similarly for all bacteria
that we can grow.

With this very brief summary of the basic principles,
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I propose to deal with a few of the results already
achieved with these newly forged instruments of
therapy. But first let me refer to a practical, though
tentative, classification of bacterial disease that four
years' investigation of the opsonic index in many hun-
dreds of cases has elicited.

CLASSIFICATION.

Class 1.—This comprises mostly chronic infections
in which it has been determined that a low opsonic
index is persistent. The lowered opsonic index is
thought to be due to the absence of "autoinoculation"
(Fig. 1). By autoinoculation is meant the escape of bac-
teria or their products from the focus of disease into ad-
jacent lymph or blood streams. The result of such an

escape is to increase the opsonins and other bacteriotropic
substances in the blood by stimulation of the machinery
of immunization and often to cure or relieve the infective
process. The absence, therefore, of autoinoculation de-
termines the persistence of the infection and indicates
the necessity of interference with bacterial vaccines by
means of inoculation. In this great class where auto-
inoculation is slight or absent there are included many
tuberculous affections, such as tuberculous disease of
glands, bones and early, or moderately early, pulmonary
tuberculosis. We find here also boils, acne, sycosis,
felons and many cases of sepsis and persistent sinuses,
etc.

Class 2.—In this class are those cases in which auto-
inoculation is the characteristic feature. The more
severe cases of pulmonary tuberculosis may be taken as
the type. The outstanding feature of these cases is the
fluctuation of the opsonic power of the blood from low
to high and high to low.

Class 3.—This class comprises the pure septicemias.
It is probable (though not yet proved) that certain of
these have a generally lowered opsonic power for reasons
that need not be discussed. Here are included ulcera-
tive endocarditis, puerperal septicemia, etc.

It is in the first great class, however, where the infec-
tion is localized and where in consequence autoinocula-
tion is withheld that inoculation with bacterial vaccines
has been most successful. I propose to summarize brief-
ly the results that have been obtained, but especially to
refer to cases that have come within my own experience;
let me, however, first present the immunizator's method
of approach by citing a particular case.

History.—The patient was a young man, aged 20, who seven
weeks previously had had an empyema evacuated by resection
of a rib. The daily discharge had slowly lessened to about
half an ounce of pus, which gave a pure culture of the pneumo-
coccus of FrSnkel. With this bacterium as the basis of my
further investigation, I determined his opsonic index and found
it normal. Nevertheless, I thought that I might expedite
matters if I raised this index and so I prepared him a vaccine
by growing the pneumoeoccus in culture tubes, collecting the
growth in salt solution and killing it at 60 C. (140 F.). Of
this vaccine, I inoculated 100 millions of pneumococci with
the result that his opsonic index rose quickly to 2.5. Further
inoculations raised his index when it fell and by this means
he was made to lead a life of increased resistance to the pneu-
moeoccus and was thus enabled to overcome his infection (Fig.
2). The clinical result was striking. In less than two weeks
the discharge entirely ceased and a sinus, which though narrow
had been six inches long, completely closed. The boy returned

 to his work and had no further trouble.
I mention this ease in illustration of the principles

of the method, and as a rule, therefore, we must de-
termine the particular micro-organism responsible, es-
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timate the resistance of the patient to it, prepare a vac-
cine from it and inoculate in proper doses and at appro-
priate times as indicated by a study of the variation of
his opsonic power. Time will not permit me to enter
into this aspect of the subject.

Let us now consider certain groups of infections, and,
since the basis of our method is bacteriologic, perhaps it
would be most direct if we viewed the subject from that
standpoint. I will first discuss infections due to the
Staphylococcus pyogenes. They are numerous and com-
mon. Some are boils, carbuncles, acne, sycosis, felons,
styes and septic wounds.

The tracing shown in Figure 3 has reference to a pa-
tient who had a large and very painful furuncle on the
buttock. His opsonic index to the Staphylococcus pyo-
genes aureus before inoculation was- 0.46. I then gave
him 300 millions of staphylococci. His index rose to 1.5,
as you see, and remained well above normal for some

days. The clinical alteration in his symptoms was
marked, and in 24 hours all pain and tenderness had left
him. Further progress was uneventful.

I have treated eleven patients with boils—most of
the cases of a very chronic or severe nature. Of those
nine did well—that is to say, within forty-eight hours
in most cases the pain had disappeared and also almost
all tenderness. As a rule these cases proceeded to com-

plete relief without incident. Unfortunately, immunity
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Fig. 1.—Chart illustrating "auto-inoculation" in a case of moder-
ately severe pulmonary tuberculosis as a result of an hour's walk.
The tracing shows the variation of the tuberculo-opsonic index.

Fig. 3.—Chart illustrating the rise of the staphylococeo-opsonic
index as a result of one inoculation (shown by the arrow) of 3U0
million staphylococci in a case of furunculosis. Recovery.

from relapse is not assured. Some remain well for long
periods, while others have a return after varying inter-
vals. This much can be said, however, that relapses
are usually of a. less severe nature and, furthermore,
can be easily controlled by inoculation if the treatment
of the primary lesion or lesions was successful. The
two patients of these eleven that were not cured im-
proved considerably, but showed a persistent tendency
to relapse. On the whole, however, I feel confident that
the vast majority of cases of acute or chronic furuncu-
losis can be completely and rapidly- controlled by inocu-
lation with a staphylococcus vaccine.

In Boston I treated a patient with severe carbuncle
by inoculation with a staphylococcus vaccine with strik-
ing effect. The patient was a laborer of 45 who had
a carbuncle on his back as large as a baby's fist. In-
oculation with 300,000,000 staphylococci removed all
pain and tenderness in forty-eight hours, the central
slough came away in eight days and almost all the in-
flammatory mass was dissipated a week later.

Altogether I have succeeded in curing or greatly ben-

efiting the patients in five cases of acne vulgaris; still
the results are considerably less striking than those ob-
tained with furunculosis. There is a number of cases
in which we completely fail—why, I do not know.

Sycosis barbae is usually easily cured by inoculation
with a staphylococcus vaccine. I have under treatment
a patient with a very severe case of four years' standing.
He is now almost well. Wright has reported many suc-
cessful cases.

If my time was less limited I would give in detail a
case of severe septic hand with scattered furuncles and
also a case of orbital infection due to staphylococcus. In
both the patients responded rapidly and satisfactorily to
inoculation with staphylococcus vaccine.

X-7__|_.j_
*6_A_
* 5_T\_L_
Mt_TV J\_^3_AM—\_
a R_I_\f_i_2.1_I_V__\_
-^fT-i1-—••9 _Li_1-}_-
1-8

j I \ j|_
m jl!H-_^-$_^--
io ~g£ i -i I _lI_II~!X
•9 1 I  I 1 ^11 1 I I 1 1 I 1 I

Fig 2.—Chart referring to a case of chronic empyema sinus due
to the pneumococcus of Friinkel which recovered in two weeks as
a result of inoculations with 50 to 100 millions of pneumococcal.
Thp tracing shows tne variation of the pneumoeoeco opsonic index.
The arrows refer to inoculations with the homologous vaccine.
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Fig. 4.—Chart referring to a case of tuberculous cystitis showing
the variation of the tuberculo-opsonic index as a result of inocula-
tions with tuberculin. The atrows refer to inoculations of 1/750
m. g. of tuberculin. Recovery.

Interesting and important as. the results have been
with such septic processes as I have mentioned, they
hold our attention much less than those which have been
obtained by inoculation with new tuberculin in many
manifestations of tuberculosis. I shall now refer to
several cases.

The first and one of the most striking that I know
of was a case of tuberculous iritis. The patient was a

boy of 12, wdio was sent to me by Mr. Lang of Moor-
field's Eye Hospital in London. Tubercles were plainly
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evident on both irises and of such a severe nature on
one that excision of the eye was contemplated. In ad-
dition a keratitis punctata obscured his vision. His
opsonic index was 0.85 before inoculation. I then in-
oculated him with 1/750 milligram of new tuberculin
(bacilli emulsion), and subsequent estimations demon-
strated that this inoculation had increased his index to
1.4 and higher. The inoculations were continued for
about six months, wdien I left him in charge of Dr. Clive
Eeviere for further treatment. At the end of the six
months all the tuberculous masses were much reduced in
size and one had practically disappeared. The keratitis
had almost completely cleared up. This ease, in which
one could actually see the tuberculous masses melt away
under specific treatment, seems to me to be evidence of
the benefit resulting from the use of tuberculin in local-
ized tuberculosis.

I show also the chart (Fig. 4) of a young man aged
22, the subject of a tuberculous cystitis. Tubercle ba-
cilli were easily found in his urine and cystoscop'c ex-
amination revealed a tuberculous ulcer on the trigone of
the bladder. He had frequency of micturition and con-
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Fig. 5.—Chart (in part) of a case of malignant endocarditis due to streptococcus. The broken line refers to the temperature. The

continuous line refers to the stveptococco opsonic imlex. "fc?" refers to an inoculation with an anti-streptococcus «erum. The arrows
refer to inoculations with an homologous streptococcus vaccine. Recovery. (Curve by Captain S. M. Douglas.)

tinued perineal pain. There was little clinical evidence
of improvement for three or four months, during which
time his opsonic power was maintained at a compara-
tively high level by repeated inoculations with tuber-
culin. Then within a week or two the frequency
and pain left him and he soon returned to a normal
healthy condition. The tubercle bacilli also disappeared
from his urine. Nine months later a condition of excel-
lent health obtained and he expressed himself as quite
well.

I have treated only two patients with tuberculous
glands and both of these did remarkably well. Indeed,
it would seem that treatment of this condition by tu-
berculin constitutes a real triumph for inoculation. Sir
Almroth Wright has treated many patients, and when
I last saw him he had yet to meet with a failure. Time
will not permit me to detail these cases.

I have successfully treated one patient with lupus.
Lupus, however, has proved refractory to tuberculin

and on the whole we fail in this condition as often
as we succeed. On the contrary, tuberculous dermatitis
usually responds most satisfactorily to inoculation. I
have seen the patients in several cases that might rea-

sonably have been termed desperate respond in a truly
wonderful fashion to inoculation with tuberculin. I
know also of cases of tuberculous kidney, of tuberculous
epididymitis and orchitis, of tuberculous disease of bones
and joints and of tuberculous peritonitis in which, to
all intents and purposes, the patients have been cured
by inoculation with tuberculin, but I can not stop to
consider these eases.

The subject of pulmonary tuberculosis would be in
itself a more than sufficient theme for an address, but
time will only permit me to summarize. I have treated
the patients in some fourteen such cases with tuberculin.
Less than half were moderately early, the rest were se-
vere. I can only state my belief on this matter, and it
is that unless the case be early or moderately early in-
oculation with tuberculin will be of little or no benefit.
As concerns the early eases, however. I hold a contrary
opinion, and my belief is that tuberculin is a powerful

expedient for good if rightly used. It would be absurd
for me to base this opinion on the few cases that I
have treated, but Lawson and Stuart, Harris and
others have reported a successful issue in a number of
cases. Of especial importance, however, are the results
of Trudeau and his co-workers at Saranac Lake. After
an experience extending over at least twelve years he is
more confirmed than ever in his belief that tuberculn
is a valuable remedial agent at least in the early or mod-
erately early eases of pulmonary tuberculosis. Moller,
at the Belzig Sanatorium in Germany, is also an en-
thusiastic advocate of tuberculin in pulmonary tuber-
culosis.

The streptococcus in one or another of its strains is
responsible for many, chronic or subacute infections. I

"have a case of chronic sinus, following on a laparatomy,in which the patient is doing well under streptococcusvaccine. I also had a case of chronic pyemia in which
the condition subsided when the patient was inoculated
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with streptococcus, vaccine made from her own micro-
organisms. Patients with chronic osteomyelitis and sub-
acute puerperal infections also have been successfully
vaccinated. Gonorrheal arthritis in quite a number of
instances has responded- to a gonococcus vaccine.

Patients with pneumococeus cystitis, empyemata
sinuses, etc., have been successfully treated. Cases of
cystitis, sinuses, etc., due to bacillus coli have responded
to a colon vaccine.

Many other affections due to a number of other micro-
organisms have been treated with success, but I can not
stop to consider them. I shall also have to pass over
that whole second class of infections to which I referred,
where auto-inoculation is the characteristic, and consider
for a moment a representative case of the third great
class in which are included the septicemias, viz., a case
of ulcerative endocarditis.

History.—The patient was a girl under the care of Sir James
Barr in Liverpool. You will observe from the chart (Fig. 5)
that she had considerable pyrexia extending over five weeks,
before inoculation was undertaken with a vaccine prepared
from a streptococcus obtained from her blood. She had had
16 injections of antistreptococcus serum with no good effect.
Without going into details it is interesting to note that with
the general rise of opsonic power following on inoculations
with the streptococcus vaccine there occured a general lowering
of her temperature until normal was reached. The clinical
result was very happy, for the patient made an almost unin-
terrupted recovery.

Before concluding this very cursory consideration of
a large subject I wish to express certain opinions con-

cerning it—opinions founded on over two years of prac-
tical experience in the treatment of a considerable num-
ber of affections due to a variety of micro-organisms.
I may state that I have endeavored to analyze all my
results coldly and critically, with a due allowance for
coincidence and the intervention of other, though un-

known, agencies. Nevertheless I find my belief firmly
established that proper inoculation with appropriate
bacterial vaccines is a powerful expedient for the cure
or control of many diseases due to micro-organisms.
To my own mind the evidence in favor of this belief is
almost overwhelming. Concerning the relation of the
opsonic theory to inoculation, however, there is consid-
erable difference of opinion. I can not discuss this ques-
tion now, but my opinion is that though estimation of
the opsonic index is often unnecessary, still such in-
vestigation has been and still is of great service in en-

abling us to determine the dosage of a particular vac-
cine and the appropriate time for inoculation and re-
inoculation when we are in doubt. That the method of
estimating the opsonic index is mathematically accurate
few would have the temerity to claim, but that it is suf-
ficiently so to serve as a useful guide in the practical
application of vaccine therapy to the treatment of dis-
ease few therapeutists who have used the methods over
a sufficient length of time to justify an opinion will
deny. As a practical physician, however, I am con-
cerned with the cure or control of bacterial disease, and
I am chiefly interested in opsonic methods of investiga-
tion because I believe that they do assist me in obtain-
ing a successful issue in certain difficult cases where in
default of these methods I could use bacterial vaccines
neither safely nor intelligently.

DISCUSSION.
Dr. John C. Hollister, Chicago, speaking of the irregular-

ity of the normal opsonic index, gave the results of some in-
vestigations he had made during the past eight months. The
blood from eight normal individuals was taken, at irregular

intervals, some times every day, or every other day, with
lapses of one, two or three weeks. The results were as fol-
lows: Individual 1.—The tuberculo-opsonic index was taken
71 times. Without exception the average of any three con-
secutive indices lay between 0.9 and 1.1. Individual 2.— ,

The tuberculo-opsonic index was taken 95 times. With one

exception the average in any three consecutive indices lay
between 0.9 and 1.1. The one exception was 0.8. Individual
3.—The tuberculo-opsonic index was taken 82 times. Without
exception the average of any three consecutive indices lay be- .

tween 0.9 and 1.1. Individual 4.—The tuberculo-opsonic index
was taken 51 times. Without exception the average in any
three consecutive indices lay between 0.9 and 1.1. Individual 5.
 —The tuberculo-opsonic index was taken 50 times. Without
exception the average of any three consecutive indices lay
between 0.9 and 1.1. The average of the averages in these five
individuals, covering 71, 95. 82, 51 and 50 examinations,
respectively, was 1. Again, the blood from 100 normal indi-
viduals was examined and the indices ran, with six exceptions,
between 0.8 and 1.2. In two of these exceptions there was
found to be a distinct family history of tuberculosis, and also
clinical "suspicions" of lowered vitality. Dr. Hollister con-
cluded that if the technic is carried out according to Wright's
method, and by capable investigators, or if the technic is car-

ried out by two or more capable persons, the same results
will obtain in at least 95 per cent, of cases. Finally, these re-

sults will bring the normal opsonic index in tuberculosis be-
tween 0.8 and 1.2. If it is found that the opsonic index in
three consecutive examinations is below 0.8 or above 1.2, that
person's serum is abnormal. /

Dr. Wili.ard H. Hctchings. Detroit, agreed wLh Dr. Ross
that the question seems to divide itself into two parts: First,
the therapeutic value of bacterial vaccines, and, second, the
question of the relative value of the opsonic index as a method
of controlling inoculation. During the past year he has em-

ployed bacterial vaccines in a considerable number of cases,
controlling their administration by careful estimation of the
opsonic index as described by Wright. In his opinion the
therapeutic value of bacterial vaccines has been demonstrated
conclusively, and the great question at present is that of dos-
age, the size and frequency of administration of which seems
to vary greatly with different individuals. Concerning the
value of the opsonic index as a method of controlling this dos-
age, he is at present undecided. In some cases he has found
it of the utmost value and in others it has not served as an
accurate guide. However, as Dr. Ross stated, it is the best
thing we have at present and while it must be modified before
coming into general use, Dr. Hutchings does not believe that
we are justified, at present, in basing the treatment of cases

by this method on clinical symptoms. This is particularly true
of tuberculosis, where he has found the identical dose produce,
at one time, a prompt rise of the patient's resistance, and at
another a prolonged negative phase. He has found the nega-
tive phase extremely variable, so much so that had he inocu-
lated at regular intervals he would have inoculated during a
negative phase. Dr. Hutchings believes that 1/1000 mg. T. R.
is too large a dose to begin with, particularly in children, for
while it causes a decided rise in the index, later the opsonic
producing power seems to be exhausted, and following re-

peated doses there is no improvement. He begins with 1/4000
mg. or 1/3000 mg., and rarely goes above 1/2000 mg. These
doses will practically give rise in the index and the same
clinical improvement. The question of the practical value of
the bacterial vaccines seems to be clearly proved. In a large
majority of the cases Dr. Hutchings found that the autogenous
vaccines do better in the treatment of surgical conditions than
anything we have had before. But one must not use bacterial
vaccines to the exclusion of other methods of treatment. He
recalled one case of tubercular tenosynovitis of both wrists
which was treated for two months by inoculations of T. R.,
controlled by the opsonic index, with but little improvement.
He then tried Bier's hyperemia with this, and the improvement
was rapid and marked.

Dr. Gkorge W. Ross, Toronto, Canada, said that he fears
greatly that the opsonic theory and vaccine therapy will suf-
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fer more from over-exploitation than from conservatism in
their application to the treatment of disease. What is most
desired, he said, is conservatism, and particularly 'the use of
Sir Almoth Wright's methods by capable men, properly trained
for the work. Splendid results in many cases not amenable
to the usual methods certainly will be obtained if the treat-
ment by vaccination is thoroughly done. He said that he
looks forward to the time when training in this therapy will
be provided by medical schools.

VARIABILITY AND UNRELIABILITY IN THE
DETERMINATION OF THE OPSONIC

INDEX.
BENJAMIN A. THOMAS, M.D.

Asst. Instructor in Surgery, University of Pennsylvania; Asst.
Surgeon, Out-patient Department, University Hospital.

PHILADELPHIA.

Huxley has said, "The man of science has learned to
believe in justification, not by faith, but by verification."
With this in mind, throughout the past nine months, I
have been engaged in a study of the practical utility of
the opsonic index as a factor in the diagnosis, prognosis
and therapeusis of disease.

Lest my attitude on this question be misinterpreted,
I desire primarily to state that I have no reason to doubt,
and, on the contrary, entertain implicit faith in the
theory of opsonins; but as to the practicability of the
index in medicine, my experiments have occasioned the
gravest skepticism, if not absolute pessimism, relative to
its utility for the profession at large.

Slow as the perfection of the delicate technic for the
determination of the phagocytic power of the blood neces-

sarily was, it is rather surprising to note that approxi-
mately but one year has elapsed since the opsonic wave
cast its waters on American soil. Although tardy in
initiation, the aggressiveness of its influence throughout
the states is unprecedented in the history of research and
discovery. Indeed so widely disseminated at the present
time is this over-valuation of an impractical, yet at-
tractive and ingenious hypothesis, that many in the pro-
fession are expecting veritable miracles in the treatment
of disease.

Personally it is of little import what may be the rela-
tionship of opsonins to antitoxins, coagulins, precipitins
and agglutinins, or possibly to amboceptors, comple-
ment, etc., but thus far my observation and experience
have dictated the belief that Wright's methods have occa-
sioned an unsuccessful attempt, figuratively speaking,
to enthrone on a practical basis Ehrlich's side-chain
hypothesis. Until the recent session of the American
Congress of Physicians and Surgeons, held in Washing-
ton, diffidence alone prevented any public utterance of
opinion, inasmuch as barely nine months' experience
with a problem of experimental medicine, to which
Wright and his associates, Leishman and Douglas, have
devoted five years for its perfection, did not invite nega-
tions prematurely bold. The enthusiastic advocates of
the utility of the opsonic index may claim that the
causes of failure in the hands of those who have found
it impossible to obtain consistent results are breaches in
technic and lack of experience, and that such individ:
uals should, after mastering the technic from one of
Wright's circle of co-workers, experiment (I beg to ask,
for four or five years) before indulging in criticism.
To such a statement I can only reply that any technic
so intricate as to be impossible of satisfactory solution

From the William Pepper Laboratory of Clinical Medicine;
Phoebe A. Hearst Foundation.

after four to six weeks in laboratory association with
a pupil of its originator, must be relegated to a field of
usefulness so limited for the general profession as to
render it well-nigh valueless.

It is not my intention to detail the present perfected
technical methods for the determination of the opsonicindex. Suffice it to say that they are two: The phago-
cytic index of Wright and the percentage index of pha-
gocyting leucocytes of Simon, and to the latter I extend
unqualified preference because of its greater simplicity
and comparative ease of determination and because it
has always served as a valuable check on the former,
confirmation of which is apparent on inspection of Chart
3. One point, however, should be emphasized, namely,
the impossibility of gathering from the extant opsonic lit-
erature a perfectly satisfactory working technic, it being
necessary, although theoretically familiar with the prin-
ciples, to see at least one demonstration in the hands of
an associate of Wright or one who has directly inspected
his methods. Even then the difficulties, some of which
it is my purpose to enumerate, are so considerable as to
render its utility, from a medical standpoint, practically
nil.

EFFECT OF STRENGTH OF BACTERIAL EMULSION".

Over ten months ago the idea occurred to me that
variability in the "strength" of the bacterial emulsion
was responsible, to a degree at least, for fallacious re-
sults. Therefore I proceeded, in a series of determina-
tions of opsonic indices, employing emulsions, standard-
ized by various methods, to depict graphically by Chart
2 the indices for their respective bacterial emulsions.
Pursuant of this, in association with other observations
that I desired to present, I selected from the service of
Dr. Charles H. Frazier, in the University Hospital, the
case of a patient with tuberculous arthritis of the knee.1
After treatment by extension and plaster cast for two
months, an arthrotomy was performed Nov. 22, 190G,
and four days later, the opsonic index was found to be
low, 0.66, using an emulsion averaging approximately
10,000,000 bacteria per c.mm. Shortly thereafter the
patient was discharged and sent to Atlantic City, only to
be readmitted for resection of the knee joint Jan. 23,
1907, since which time monthly determinations of the
opsonic index, employing on each occasion four differ-
ently standardized bacterial emulsions, were made.

A study of Chart 1 should demonstrate the fact that
no constant parallelism exists between the curves of the
indices of their respective bacterial emulsions. At times
this relationship is fairly uniform, but occasionally, es-
pecially during January, when the indices for all four
emulsions seemed to be ascending admirably in the "pos-
itive phase," or the period of increased resistance, and
Wright's so-called "high tide of immunity" was ap-
parently about to be maintained, at the determination
made February 7, the indices for three emulsions con-
tinued to mount in the positive phase, while for one

emulsion, that standardized by McFarland's "nephelo-
meter." the index dropped almost into "negative phase."
Again on April 17 the indices for two emulsions are in
the "positive phase," while for the other two they con-
tinue in the "negative phase."

This irregularity in the relationship of the indices,
characterized by crossing and intercrossing of the

1. In the presentation of the points which I desired to make, it
seemed to me that perhaps the results would be attended with more
significance if my contemplated experiments were carried out on
a single individual who probably would he in the hospital ward
for several months, and to this end all the data in the three in-
corporated charts are referable to the same patient.
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